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In some cases, skeletal and soft issue elements are required for
chest wall reconstruction. Although muscle ﬂaps and ribs are
commonly used for achieving ideal reconstruction, deformation
and loss of bone strength are unavoidable in such cases. In the
present report, we describe a technique for chest wall recon-
struction that can help avoid such donor site deformity. A 59-year-
old woman with metastasis of a malignant mixed tumor in the
parotid gland underwent resection from the sternoclavicular joint
to the ﬁrst and second ribs, including the manubrium and part of
the sternum body. To achieve chest wall reconstruction, we used a
pectoralis major ﬂap along with two dual-partitioned ribs. In this
modiﬁed procedure, instead of simply using the ﬂaps with the
whole ribs (which is common), we only used the anterior cortical
portion of the ribs. This helped preserve the chest wall strength
and prevented deformity at the donor site. At 7 months after
surgery, the cut ribs in the reconstructed area and the original
donor site appeared stable, without any complications, on com-
puter tomography. Although the thickness of the bone used was
half of that used with the conventional method, the skeletal
strength was sufﬁcient for her daily activities. Our modiﬁed
method requires some additional effort for cutting the ribs, but thend Reconstructive Surgery, School of Medicine, Keio University, 35 Shina-
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rib-muscle ﬂap. With this method, donor site deformity can be
prevented, and the procedure can not only be adapted for chest
wall reconstruction but also for other skeletal reconstructions that
require the use of ribs.
© 2015 The Authors. Published by Elsevier Ltd on behalf of British
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Chest wall defects are often observed following procedures such as the resection of tumors or
metastases in the bone. Both bony and soft tissue elements are required for chest wall reconstruction,
which makes it challenging for plastic and reconstructive surgeons. Several reports have described
cases requiring skeletal reconstruction with soft tissue augmentation. In general, ﬂail chest may
develop following resection of two or three ribs in the anterior chest, resection of three or four ribs in
the posterolateral chest, or resection of more than two-thirds of the sternum.1,2 Furthermore, insta-
bility of the superior limb girdle may develop in cases where the resection area extends to the ster-
noclavicular joint or shoulder joint.3
Successful reconstruction requires appropriate skeletal and soft tissue augmentation.4 To achieve an
ideal reconstruction, the use of several types of prosthetic material5,6 and various methods for local or
distant free autologous tissue transfer has been reported. The rib-pectoralismajor osteomuscular ﬂap is
one of the most common autologous tissues used for the repair of chest wall defects. Although this ﬂap
enables the inclusion of bony and soft tissue elements within the same ﬂap, donor site deformity is
unavoidable, particularly in cases where more than one rib is required for reconstruction. To resolve
this donor site problem, we modiﬁed this technique by including only half the ribs in the ﬂap.
In this report, we describe a case of anterior chest wall and sternoclavicular joint resection wherein
this method was employed for reconstruction, by using dual-partitioned ribs (wherein the ribs were
cut into two parts, one of which was retained at the donor site and the other was used for the ﬂap) and
a pectoralis ﬂap, and discuss this surgical technique.
Case report
The patient had undergone surgery for the treatment of a malignant mixed tumor of the parotid
gland at 28 years of age; subsequently, lobectomy was performed for metastasis of the tumor. At
59 years of age, she presented with tumor metastasis at the bilateral clavicular head, ﬁrst and second
ribs, manubrium, and part of the sternum body. The resectionwas performed by thoracic surgeons, and
we were then consulted for the reconstruction of these structures. As the resection ranged from the
sternoclavicular joint and resulted in the exposure of deep structures underlying the sternum, we
believed that in addition to soft tissue augmentation at the dead spaces, skeletal reconstruction would
also be needed.Surgical planning
A speciﬁc muscle ﬂap volume was required to augment the dead spaces; hence, the use of a pec-
toralis major ﬂap and ribs was planned. After considering the expected resection area, we assumed that
one or two ribs would be needed. Moreover, to avoid donor site deformity, we planned to use the
cortical bone on the anterior side of the rib so that the posterior side of the rib would remain in the
original position (Figure 1 a,b).
Figure 1. a) Schema of the ﬂap. The ﬂap includes the anterior sides of the fourth and ﬁfth ribs. b) A cross-section schema of the ﬂap.
The posterior side of the fourth and ﬁfth ribs remained at the donor site.
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Resection
AV-shaped skin incisionwasmade so that the scar would be easy to conceal whenwearing a blouse.
The ﬁnal defect can be observed in Figure 2. The distance between the ﬁrst ribs was 9 cm, whereas that
between the second ribs was 7.5 cm. Moreover, the subclavian vessels were exposed.
Reconstruction
After an inframammary fold incision was made, the pectoralis muscle ﬂap was elevated, along
with the fourth and ﬁfth ribs. Usually, the entire rib is included in the muscle ﬂap. However, we
incised the periosteum of the ribs, and cut the ribs into half (anterior and posterior sides). The
attachment between the periosteum and the pectoralis muscle should be carefully preserved. In the
current case, we harvested the ﬁfth rib (length, 11 cm) and the fourth rib (length, 9.5 cm) with the ﬂap
(Figure 3 a,b).
After the muscle ﬂap with the cut ribs was elevated, it was transposed to the precordial defect
beneath the skin and fat tissue. The ﬁfth rib was ﬁxed to the right and left side of the ﬁrst ribs using
surgical wires, whereas the fourth rib was ﬁxed in the same manner to the right and left side of the
second ribs. The pectoralis muscle was used to ﬁll the dead spaces. Suction drains were placed at the
donor site and in the precordial area.
Postoperative care
The patient was extubated on the day of the surgery without any complications. Excess exercise of
the shoulder joints was prohibited for two weeks. A pathology examination indicated complete
resection of the malignant mixed tumor metastasis, with negative margins. The scars located at the
anterior chest and inframammary fold were not apparent, and the cut ribs in the reconstructed area
and the original donor site appeared stable without any complications on computer tomography
(Figure 4 a,b,c). One month after the surgery, she could resumework as a midwife, and no instability of
the sternoclavicular joint was observed.
Figure 2. a) Design of the incision line. b) Resected specimen. c) Schema of the defect area. Resection of two ribs along with the
sternoclavicular joint was performed. To avoid instability of the superior limb girdle, and to protect the structures underlying the
defect area, skeletal reconstruction is required.
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Figure 3. a) Design of the ﬂap b) View after the elevation of the rib-pectoralis ﬂap. The posterior sides of the fourth and ﬁfth ribs
were retained at the original donor site (blue arrows).
Y. Uchikawa-Tani et al. / JPRAS Open 5 (2015) 7e12 11Discussion
Chest wall reconstruction remains a challenging procedure. Chest wall defects may cause certain
disorders such as instability of the chest or ﬂail chest. Moreover, instability of the superior limb girdle
may be observed in cases where the defect extends to the sternoclavicular joint or shoulder joint.
Furthermore, if the bony defect extends over a large area, the exposure of intrathoracic organsmay also
be a problem.
In the present case, the defect extended to the sternoclavicular joint, and the vessels and organs
underlying the sternumwere exposed; hence, skeletal reconstruction was essential. To prevent donor
site deformity and loss of function, artiﬁcial devices such as titanium plates7 or bars8 may be used for
reconstruction. In the present case, the patient did not wish to use any prosthetic material for
reconstruction. Furthermore, as the patient had previously undergone bilateral lobectomy, it would be
difﬁcult to use the latissimus dorsi ﬂap. Therefore, we decided to use the rib-pectoralis major osteo-
muscular ﬂap. The rib is commonly used as skeletal material when utilizing muscle ﬂaps (latissimusFigure 4. a), b): Postoperative view at 7 months. c) The fourth and ﬁfth ribs in the reconstruction area (yellow arrows) as well as at
the original donor site (blue arrows) appeared stable, without any complications, on computed tomography.
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exhibit donor site deformity.
In order to avoid such donor site deformity, we used only half the rib for reconstruction in the
modiﬁed procedure. Although it may not be as strong as when using the entire rib, the strength was
sufﬁcient in the present case. Moreover, despite the need for additional time for cutting the ribs during
the surgery, the technique does not appear to be very complicated.
One previous report has described the use of a part of the sternum along with the pectoralis muscle
for mandible reconsruction.9 However, to our knowledge, no reports have described the use of the
anterior side of the rib for chest wall reconstruction.
There are certain limitations of this procedure. In addition, this method may not be suitable for the
reconstruction of defect areas that are very large; in such cases, the use of a titanium plate may be
preferred. Moreover, the cutting of a long portion of the ribs may be difﬁcult and may be associated
with the risk of fracture.
Thus, this simple modiﬁcation to the original rib-muscle ﬂap procedure may be effective for not
only chest wall reconstructions but also other skeletal reconstructions that require the use of ribs.
Nevertheless, evidence from further cases should be obtained.
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